A small hydraulic turbine more still remains to improve the mechanical performance because it does not come fully similarity as compared with the large-scale hydraulic turbine. Many studies on the small hydraulic turbine focused on the increase of performance. In this study, the characteristics of axial propeller turbine which is appropriate equipment for low head conditions and high flow rates were numerically investigated using the commercial code, ANSYS CFX. A parametric study was carried out with two different geometrical parameters, such as blade number and tip clearance between casing and blade. Results showed that the hydraulic loss was increased and the efficiency of small hydraulic turbine was decreased because of increasing tip clearances, which lead to the increase of absolute velocity at the exit of the runner blade.
Introduction
A small hydraulic power is natural endowed resources and developed only 18.9% amount of resources in Korea. Total amount of endowed resources is confirmed about 150 MW. However, it has been difficult to generate small hydro power in Korea compared with other renewable energies such as solar energy, wind energy, etc. due to its low economics and seasonal dependence.
Recent research has focused on investigation of the performance results to turbines through a theoretical design approach. Alexander et al. [1, 2] designed and built various turbines at one scale and presented practical, working and economic turbine solutions for low head micro-hydro systems. They also studied theoretical models, which showed how the flat blades can be closely kept with the ideal blade shapes. Singh and Nestmann [3, 4] investigated geometrical optimization on a propeller runner. They concluded that the modification of runner inlet tip could be increased the turbine efficiency from 55% to 74% at the best efficiency point, which was caused by a reduced discharge consumption as well as a higher power generation. They also investigated the inlet and exit tip modifications on three different runner stages consistently, and showed that the reduction of the exit blade angle increases shaft power and positively affects the turbine efficiency at constant speed and head under the partial load operating condition.
Singh and Nestmann [5] investigated the influence of design parameters in low head axial flow turbines, such as blade profiles, blade height and blade number for micro-hydro application. They confirmed that variation of the blade number influenced performance due to decrease of axial velocity and tangential rotation velocity. The study concluded that the influence of blade number is more dominating compared to that of the blade height, and that choice of blade number should be carefully made. Ferro et al. [6] designed the rotor blades of a mini hydraulic bulb-turbine using the through-flow analysis approach, combining the streamline curvature method to solve the meridional flow fields, and the panel method to solve the blade-to-blade flow fields. Using the commercial CFD tool, the rotor blades produced the desired turbine head, approximately, at the design condition of zero angular momentum at the exit section. Ramos et al. [7] performed numerical and experimental analyses to confirm the design validation of a new prototype micro-tubular turbine. They concluded that influence of negative pressure at the downstream of an impeller decreased the flow velocity and pressure when the working fluid flows through the elbow.  Free vortex theory Dixon [8] and Gorla et al. [9] presented a general free vortex theory for axial flow turbomachinery. Velocity triangles vary from root to tip of the blade because the blade speed U is not constant. Thus, a twisted blading designed to take account of the changing angles is called vortex blading. For an axial hydraulic water turbine, the momentum equation is given by Eq. (4).
The free vortex law can be derived from the momentum equation. For constant axial velocity, the whirl velocity C w is inversely proportional to the radius, which is given by Eq. (5).
That is, the whirl component of the velocity, w C , and the radius are constant all along the inlet region and the exit region of the blade, and thus, the blade angle can be designed with respect to the radius vector. To maximize the energy transfer at the exit of the runner, the exit whirl velocity, exit C , is set up zero and the axial velocity is constant. Figure 1 shows the velocity diagram of the propeller hydraulic turbine drawn at the hub. 
Advanced Materials Research Vols. 732-733 437
Numerical Analysis
 Governing equations
The instantaneous conservation equations of continuity and momentum are as follows: (i) continuity:
(ii) momentum:
where ρ is the density, U is the vector of velocity, and τ is the stress tensor. In order to analyze the inner flow of the axial propeller turbine, the SST (Shear Stress Turbulence) model was applied in this study. The k   equation based on the SST model accounts for the transport of the turbulent shear stress and gives highly accurate predictions of the onset and the amount of flow separation under adverse pressure gradients.
The BSL (Baseline k   ) model combines the advantages of the Wilcox and the k   models [10] , but still fails to properly predict the onset and amount of flow separating from the smooth surfaces. The reasons for this deficiency are given in detail by Menter [11] . The main reason is that both models do not account for the transport of the turbulent shear stress. This model over predicts the eddy-viscosity. The proper transport behavior can be obtained by a limiter that is applied to the formulation of the eddy-viscosity:  Numerical method A finite element method is used to solve the governing equations (6)~(7). The propeller hydraulic turbine is comprised of 6 parts, which are divided into stationary and rotating zones. The rotating zone is applied to the MRF (Moving Reference Frame) model, in which individual cell zones are assigned different rotational and transitional speeds to steady-state approximations. Figure 3 shows the 3-D model of the propeller hydraulic turbine applied to this study, which are approximately consisted of 6.7×10 5 grids: 1.5×10 5 in the guide vane zone, 9.6×10 4 in the runner zone, and 4.2×10 5 in the other stationary zone. This propeller hydraulic turbine is modeled using the structured grid (hexahedral Thermal, Power and Electrical Engineering elements). The grid points of each part are correctly not coincided with each other. Hence, the GGI (General Grid Interface) method was used to account for mismatched surface extent. The boundary conditions are given in Table 1 . The rotating zone such as a guide vane and blade is set to a partial periodic domain in order to facilitate the numerical simulation. The no-slip hydraulic boundary condition was adopted for the solid wall, while the inlet flow distribution was uniform for static pressure at the inflow duct.
Results and Discussion

 Variation of the clearance
In this study, parameters for numerical analysis were established to elucidate the effects of variation of the clearance from 0~10 mm between the casing and blade tip. It can be seen from the results of Fig. 4 that the velocity vectors were concentrated to rotational direction passed through clearance and also the flow velocity was increased at the clearance. It is also seen from the results of Fig. 4 that a decrease of the pressure come from the increase of the flow velocity and caused a decrease of momentum transferring to the blade surface. As shown in Fig. 5 , the shaft power and hydraulic efficiency were continuously decreased according to the increase of the clearance. The maximum deviation of the shaft power is obtained up to 33kW, which is decreased by 4% of the efficiency. The power coefficient is continuously decreased through clearance, while the flow coefficient is increased due to static pressure conditions at inlet boundary. The continuous flow rate loss through clearance influenced on the increase of flow coefficient in order to keep the constant head in numerical analysis. Loss of flow rate passed through clearance is caused by a decrease of the power coefficient.
 Variation of the rotatinal speed and head
This study considered the influence of the blade number on the performance of a hydraulic propeller turbine as the variations of rotational speed (100~400 rpm) and gross head (3~6m). As shown in Fig. 6 , it was found that the shaft power of 3-blade case is greater than that of other cases near the 300 rpm. In order to produce a constant power in the whole range of head and flow rate, it is desirable to select 4-blade number. Results also showed that the efficiency was decreased after it reached at BEP (Best Efficiency Point) in all cases. Figure 7 showed that the non-dimensional numbers such as flow coefficient and head coefficient are linearly increased according to the increment of the rotational speed and gross head. It is also noted that the average values of the power coefficient of 4-blade were higher than that of the other cases. As shown in Fig. 8 , the efficiency of the 4-blade case is generally higher than other cases as the variations of the flow coefficient and head coefficient. 
Conclusions
In this study, the characteristics of axial propeller turbine which is appropriate equipment for low head and high flow rates were numerically investigated. In particular, the efficiency of hydro turbine was studied with two different geometrical parameters, such as blade number and tip clearance between casing and blade.
(i) As observed from the Figs. 4-5, the shaft power and hydraulic efficiency were continuously decreased and the maximum deviation of shaft power and hydraulic efficiency is 33 kW and 4%, respectively, according to the increment of clearance. The power coefficient is also continuously decreased as the increment of clearance because flow rate loss through clearance influenced the power coefficient. (ii) It is also shown that the power coefficient is increased as the increament of flow coefficient and head coefficient, while the hydraulic efficiency is decreased. As a result, the 4-blade case is recommended to achieve high efficiency for a wide range of the rotational speed and gross head. 
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